November at all the growth intervals. The crop sown on 26 th October (1870.3 kg/ha) produced highest seed yield as compared to 5 th (1525.5 kg/ha) and 15 th November (1099.8 kg/ha).Among varieties,RH0749 recorded highest seed yield because LAI, biomass accumulates were performed better as compared to RH 406 and Kranti. There was significant interaction between growing environment and varieties with respect to growth and yield parameters. From the above study it was concluded that normal or early sowing of Indian mustard may be practisized for achieving higher seed yield and improved growth and yield attributes in western Haryana conditions.
INTRODUCTION
Indian mustard (Brassica juncea) is the second most important oilseed crop in India after groundnut sharing 27.8% in the India's oilseed production. The crop occupies an area of approximately 6.90 million hectare with a production of 8.18 million tonnes (Shekhawatet al. 2012) .In India, the Haryana state contributes 10.2% to the total rapeseed-mustard production in the country. Likewise, area under mustard in Haryana has increased from 1.98 lakh ha in 1966-67 to 5.70 lakh ha in 2013-14. A considerable improvement in mustard productivity has also happened during the period with its increase from 405 kg/ha in 1966-67 to 1350 kg/ha in 2013 -14 (Indiastat, 2014 . Growth and yield of Brassica species largely depends upon change in environment during crop growth this change in environment can occur through many practices including sowing dates and water availability. For getting higher yield, sowing time of crop needs to be adjusted with suitable agroclimatic environment (Saha and Khan, 2008) . Pradhan et al. (2014) reported that there was significant interaction between date of sowing and cultivars with respect to seed yield of mustard. It was concluded that normal or early sowing of Pusa Jai Kisan or Pusa Bold cultivar may be practiced for achieving higher seed yield, radiation and water use efficiency in semi arid environment of north and north-western part of India. Indian-mustard is much sensitive to climatic variables; hence, climate change could have significant effect on its production. One month delay in sowing from mid of October resulted in 40.6% loss in seed yield (Lallu, et al., 2010) . Gill and Bains(2008) observed a linear and positive relation between leaf area development and photosynthetically active radiation (PAR) interception, which leads to higher dry matter production. LAI plays an important role for crop growth based on its interception and utilization of PAR for producing dry matter (Kumar et al., 2007) and with the delay in planting date, the higher mean temperature was experienced during flowering which led to accelerate the decrease in LAI and reduction in the flowering period. Neoget al. (2005) revealed that as growing degree days (GDD) increased from 1270 to 1684 ºC day in PusaJaikisan and Varuna, the seed yield also increased and with the further increase in GDD accumulation, there was a decline in seed yield. At the value of 1606 ºC day, the yield was found to be highest. Adak et al. (2011) reported that change in sowing dates led to change in thermal environments of the cultivars with respect to different growth and development stages leading to variation in completion of life cycle. Roy et al. (2005) 
Leaf area index:
The plant leaves separated from samples taken for dry matter were used for determining leaf area from each plot at 30 days interval after sowing. The green leaf area (cm 2 ) was recorded using leaf area meter (LI-3000 Area meter, LI-COR Biosciences, Nebraska, USA). The leaf area measured with the help of leaf area meter was used to compute the leaf area index by the following formula. LAI = Leaf area (cm 2 )/ Land area covered by plant (cm 2 ) Dry matter accumulation and partitioning: The five randomly selected plants from destructive sampling were used to record the dry matter production at 30 days interval after sowing. The sampled plants were separated into roots, stems, leaves and reproductive parts (flowers, buds and siliquae) and sun dried. Further, the samples were oven dried at 65 ºC to 70 ºC to a constant weight. The biomass/ dry matter accumulation in different plant parts was the converted to weight per square meter. Yield and yield attributes Number of primary and secondary branches at harvest: The numbers of primary and secondary branches per plant were calculated at harvest by average values of five plants uprooted for biomass observation in all the treatments. Seed yield (kg ha -1 ):
The crop harvested from net plot was threshed after sun drying, cleaned and weighed. The seed yield obtained was converted to kg per hectare. Biological yield (kg ha -1 ): Biological yield from net plot was calculated and expressed as kg per hectare. It was taken as the seed yield and stover yield together. Harvest index (HI, %) The harvest index for each plot was calculated by dividing the total grain yield by the total biological yield (seed + stover yield) of the same net plot and multiplied by 100 as given below: HI = (Grain yield / Biological yield) x 100 Statistical analysis: The data were statistically analyzed using analysis of variance (ANOVA) as applicable to split plot design (Gomez and Gomez, 1984) . The significance of the treatment effects was determined using F-test at 5 % significance level.
RESULTS AND DISCUSSION
Weather: In the present study weekly weather parameters during the ,870.3 11,080.9 11,154.0 14,481.8 12,238.9 13.4 
Cont.
Yogesh Kumar et al. / J. Appl. & Nat. Sci. 9 (4): 2093 -2100 significance at 60 and 90 DAS sowing only. Thereafter with advancement in growth stages up to maturity, interaction effect was observed non-significant. Dry matter accumulation: The dry matter production by three mustard varieties under various growing environments is given in Srivastava et al. (2011) in Brassica. Dry matter partitioning: The dry matter partitioning by three mustard varieties under various growing environments is given in Table 7 . During the initial flowering period (30 DAS) the percent allocation of biomass was highest to leaves (%) followed by stem (%) and root (%). At 120 DAS the highest percentage of biomass was allocated to stem. At maturity stage, the highest percent of biomass was allocated to siliqua (reproductive parts of the crop) in all treatment. Higher total dry matter production was produced in 26 th October followed by 5 th and 15 th November. Among varieties, RH 0749 were the higher followed by RH 406 and Kranti. Subsequent delay in sowing recorded significantly lower biomass accumulation in different plant parts at all growth stages. Yield and its attributes: Effect of varying environmental conditions on yield attributes of mustard varieties in 2014-15 are presented in Table 8 . Number of primary and secondary branches at harvest: The numbers of primary and secondary branches of mustard crop under different sowing environment were recorded at the time of harvesting period. The interaction effect of different sowing environment with varieties revealed that RH 0749 sown on 26 th October resulted in highest number of primary (9.7) and secondary (15.0) branches at harvest as compared to RH 406 and Kranti. Among the sowing environment, higher numbers of primary and secondary branches were recorded in26 th October followed by 5 th and 15 th November at harvesting time. Seed yield (kg/ha): The result showed that seed yield showed significant difference among sowing dates. The highest seed yield in 26 th October sown crop was also due to significantly improved yield attributes as compared to crop sown on other dates. Maximum seed yield was recorded in 26 th October (1870.3 kg/ha) as compared to 5 th (1525.5 kg/ha) and 15 th November (1099.9 kg/ha). Among varieties, RH 0749 (1697.9) recorded highest seed yield as compared to RH 406 (1479.2) and Kranti (1318.6). These results confirmed the findings Pradhan et al. (2014) in mustard crop at IARI, Delhi. Biological yield (kg/ha): Among varieties, RH 0749 (11367 kg/ha) was significantly higher biological yield as compared to RH 406 (9326.0) and Kranti (8667.5 ). Interaction effect also shows that RH 0749 sown on 26 th October (12238.9 kg/ha) produced significantly highest biological yield as compared 5 th November (10880.9 kg/ha) and 15 th November (6241.7 kg/ha). Similar results reported that Kumar et al. (2007) also reported that less amount of above ground biomass yield were recorded from sowing to maturity in Brassica as planting was delayed. Harvest index (%): The 26 th October (14.6) sown crop recorded highest harvest index as compared to 5 th (13.6) and 15 November (12.5) sowing. Among varieties, RH 0749 (15.1) showed significantly higher harvest index as compared to RH 406 (13.3) and Kranti (12.3).
Conclusion
There was significant interaction between date of sowing and varieties with respect to plant height, LAI, dry matter accumulation, partitioning and yield attributes of mustard. The crop sown on 26 th October performed significantly better in respect of growth and yield parameters as compared to mustard sown on 5 th and 15 thNovember during the year 2014-15. From the above study, it was concluded that normal or early sowing of RH 0749, RH 406 and Kranti cultivar may be practiced for achieving good yield in the semi arid environment of north-western part of India.
